There was a decline in the peripheral progesterone concentrations with increasing ration. The pregnancy rate in ewes fed a high ration was significantly reduced when compared with those of ewes fed a medium or low ration (48% vs 68 and 67% respectively; P < 0\m=.\05). In ewes fed the high ration exogenous progesterone increased the pregnancy rate from 48 to 76% (P < 0\m=.\01).Progesterone treatment did not influence pregnancy rates in ewes fed medium or low rations. The number of fetuses per ewe pregnant was not influenced by level of nutrition or progesterone treatment.
Introduction
It is now well established that between 20 and 30% of fertilized sheep ova die in the first weeks of pregnancy (Edey, 1969) . However the factors responsible for these relatively high embryonic losses are still uncertain. Progesterone may play a role since it is essential for the maintenance of preg¬ nancy in the ewe (Denamur & Martinet, 1955) . Exogenous progesterone has been used by some workers in an attempt to improve embryonic survival in sheep. In some studies (Pearce et al, 1984; Peterson et al, 1984; Davis et al, 1986 ) increases in pregnancy rates of 11-28% have been achieved using progestagen supplements, although other reports have demonstrated no such benefit (Smith et al, 1985; Kerton et al, 1986) . A possible explanation for these conflicting results may be differ¬ ences in the nutritional status of the ewes during the treatment period. Since nutrition in early pregnancy and peripheral progesterone concentrations are inversely related (Parr et al, 1982; Williams & Cumming, 1982) progesterone. After incubating overnight at 4°C the free and bound progesterone were separated using dextrancoated charcoal (0-8 mg charcoal, 008 mg dextran T-70). The progesterone antiserum was raised against a progesterone-11-bovine serum albumin conjugate and cross-reacted 4-2%, 0-6% and 10% with 20a-dihydroprogesterone, 20ß-dihydroprogesterone and 17ß-hydroxyprogesterone respectively. Cross-reaction against all other steroids tested was < 0-1 %. Sensitivity of the assay was 0-35 ng/ml and the intra-and inter-assay coefficients of variation were 12-6% and 15-6% respectively.
Pregnancy was determined by a failure of ewes to return to oestrus and fetal numbers were estimated using Peripheral progesterone concentrations measured 12 days after mating (Table 2) showed an inverse relationship with increasing nutrition. Ewes fed high rations in the control group had mean peripheral progesterone concentrations which were less than 50% of those of ewes fed low rations. Insertion of a CIDR device corrected this deficiency. Nutrition levels and exogenous progesterone significantly (P < 0001) affected Day 12 plasma progesterone concentrations. There was no inter¬ action between these two factors. When the total distribution of pregnant ewes was plotted against plasma progesterone concentration (Fig. 1) , it was evident that at least 2ng progesterone/ml plasma was necessary for satisfactory conception. Reductions in conception rates also occurred when plasma progesterone concentrations were higher than 4-5 ng/ml.
Discussion
These results demonstrate that ewes fed high rations after mating had reduced plasma progesterone concentrations and showed an increase in embryonic mortality. Over-feeding has previously been linked with embryonic mortality (El-Sheikh et al, 1955; Foote et al, 1959; Cumming et al, 1975; Brien et al, 1977 Brien et al, , 1981 , but the mechanism(s) causing this loss has not been understood. In studies using exogenous progestagen therapy (Pearce et al, 1984; Peterson et al, 1984; Smith et al, 1985) no mention was made of nutritional conditions in early pregnancy. We believe there is now an explanation for the conflicting reports in the literature. An increase in pregnancy rate with exogenous progesterone treatment will only occur when ewes are fed high rations or are in a rising nutritional state after mating.
The inverse relationship between nutrition and peripheral progesterone concentration has previously been reported by Parr et al (1982) and Williams & Cumming (1982) . In the former study this phenomenon occurred when ovariectomized ewes were given controlled daily doses of progesterone. This effect of nutrition on plasma progesterone concentrations may be due to a higher clearance rate of progesterone since blood flow to the liver of ewes increases with feeding (Bensadoun & Reid, 1962) and the liver is a major site of progesterone catabolism (Bedford et al, 1974) . If compensatory changes in secretion rate from the ovary do not occur then the peripheral progesterone concentration would be altered, and some ewes, when overfed, would have peripheral progesterone concentrations below the threshhold necessary for embryo survival.
The reduction in pregnancy rates of ewes with peripheral progesterone concentrations above 5 ng/ml on Day 12 was probably due to direct effects of undernutrition (Edey, 1969) rather than elevated progesterone. Ewes fed maintenance rations and given high exogenous doses of progesterone do not suffer high embryonic losses (Parr et al, 1982) .
In conclusion, we have demonstrated an association in sheep between nutrition, endocrinology and reproduction which could have important implications for other animal species. Knowledge of this interaction will be important in the future when making decisions about feeding levels for ewes in early pregnancy.
